( 1 ) first introduced objective quantitative methods for the study of the physical characteristics of human skin when, in 1912, he described an elastometer designed to indicate skin elasticity. Since that time many modifications of his method have appeared (2, 3, 4. 5, 6, 7, 8) . The present report is an attempt to study the physical characteristics of the skin, not by changes as influenced by therapeutic procedures where heretofore no satisfactory quantitative methods have been available. APPARATUS The apparatus is illustrated in Figures 1 and 2 Schade's method or its modifications, which are essentially adaptations of the tonometer principle as applied to the eye, but by an apparatus designed to measure the distensibility, or " stretchability," of the skin, and thus to evaluate this physical property in normal and pathological physiology. Applications of the method have come to light for the objective estimation of certain skin essentially of four parts, a spring caliper, A; two bakelite cubes, B; and a brass adapter, C. The caliper consists of two rigid brass arms, b, which are sealed with DuPont household cement to the ends of a steel spring, a. The spring and length of the arms of the caliper were so chosen that when the knife-edges of the distal ends of the arms are 5 cm. apart, these knife edges tend to separate with a force of approximately 100 grams.
The caliper was calibrated as follows. One arm of the caliper was fixed in a vise so that the knife edge of 785 the other arm rested directly above that of the fixed arm. A square piece of bakelite, 4 mm. on edge and 2 mm. thick, was grooved on one of the wide surfaces through the center and parallel to twvo edges. The bakelite square was balanced with the groove articulating with the upper knife edge, and weights freely suspended from it by means of a loop of twine. Weights were suspended in increments of 5 grams from 0 to 150 grams,
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A C at both ends so that there are two surfaces parallel to each other and 5 cm. apart.
In use, the skin surface is carefully cleansed with ether in order to remove the sebaceous secretions. The bakelite cubes are then loosely sealed, with Johnson and Johnson's zinc oxide adhesive mass, into the notches of the adapter so that the grooved surfaces face each other adjustments being made to keep the line of force directly between the knife edges. The distance between the knife edges was determined to 0.1 mm. for each 5-gram increment by means of a hand lens and scale. The results are illustrated in Figure 3 . The formula for the line was found to be Force = 257.6-2.773 distance. Recalibration of the instrument after three months of use failed to reveal any change in its characteristics. A surface in each of the cubes, B, is grooved as illustrated in Figure 2 . The brass adapter, C, is notched adapter and the eccentric groove away from the adapter. The cubes are then placed upon the previously prepared skin with the adapter above. The cubes are then sealed to the skin with a thin layer of fresh collodion carefully applied to the junction of the cube and the skin on all sides except the grooved surfaces which face each other. After five minutes have been allowed for the collodion to dry, the adapter is carefully removed, leaving the bakelite cubes sealed to the skin with a distance of approximately 5 cm. between them. The distance between 786 -(D-the cubes is then accurately measured to 0.1 mm with a scale. With the calipers held horizontal to the skin surface and closed so that the knife edges are less than 5 cm. apart the arms are then gently opened so that the knife edges articulate at the skin surface with the veratical grooves of the bakelite cubes. All pressure on thi caliper arms is then released so that they open with the distensibility of the skin in any convenient terms. We have chosen millimeters of stretch per centimeter of skin per 100 grams of force. The force exerted by the caliper is determined by referring to the graph of Figure 3 upon which the millimeter distance between the cubes, when the pressure on the caliper arm is released, may be converted into force exerted in grams. their full force. The distance between the cubes is then remeasured. Care must be taken to maintain anatomical structures in the area studied in the same relative positions for determinations from patient to patient and for determinations from time to time in the same patient. Such a standard position for the part is extremely important as will be discussed later.
Knowing the initial and final lengths of skin segment and the force exerted by the caliper, one may express The same data may be obtained from the formula already given.
RESULTS
Determinations were made on 13 normal subjects for the pretibial area, dorsum of the foot, midline of the abdomen below the umbilicus, volar surface of the forearm and the dorsum of the per cm. per 100 grams respectively. The individual determinations may be found in Table I . One can see that the skin is less distensible in the lower extremities. This is graphically illustrated in Figure 4 . These values vary inversely with the values previously determined for tissue pressure in the same areas (10) . Determinations were repeated 15 times on the volar surface of the forearm of one subject at intervals varying from 6 to 72 hours. Values varied from 0.87 to 0.98 mm. per cm. per 100 grams with a mean of 0.908 ± 0.006 and a standard deviation of 0.036 + 0.004.
The method has been applied to the study of certain abnormal states known to affect the skin. These results are recorded in Table II and Figure  5 . In eight patients with congestive heart failure, 21 determinations have been made. Patients 
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were followed, when possible, through the course of the edema. It was found that as the edema progressed the skin distensibility decreased and with recession of the edema distensibility tended to return to normal range. Essentially the same results were found in the edema of pernicious anemia and that of venous obstruction resulting from neuroblastoma of the adrenal gland. The data for the patient with pernicious anemia and edema, together with simultaneous determinations of tissue pressure, are illustrated in Figure 6 . The correlation of these values will be presented under Discussion. Determinations of skin distensibility have been made upon the abdomens of four patients with ascites before and after paracentesis. Marked differences were found as illustrated in Table II . Similar, but less marked changes were found in two patients with peritonitis. In certain dermatologic states (urticaria, senile atrophy, occupational atrophy, allergic eczema, and scleroderma) were observed definite changes in skin distensibility which correlated with the clinical state of the patient. Individual and mean values may be found in Table II and Figure 5 .
DISCUSSION
For a number of years it has been realized (1) that an objective method fot measuring skin changes in edematous states would have many important clinical applications. With this is mind, Schade developed his elastometer. His apparatus and the many modifications which have followed it are in reality mechanical palpators, capable of detecting changes too small to be picked up by ordinary clinical methods. The method was also designed to measure skin elasticity, a phase of the apparatus most highly developed in the instrument of Inouye (3) . While these methods are valuable in the measurement of certain aspects of tissue turgor, the influence of more deeply underlying structures introduces a variable which precludes their use for the measurement of skin distensibility and elasticity. To obviate the influence of deep structures, as bone and muscles, we undertook to stretch the skin horizontally rather than to depress it. Such a procedure reduces to a minimum the influence of structures below the dermis, and measures as far as possible without removal of the segment of skin the distensibility of the dermis and epidermis. Since the normal skin tension of a given area varies with flexion and extension of adjacent joints and position of a part we found that standard positions were necessary for comparison of results. Again one must be aware, in stretching a segment of the intact skin, that one not only stretches the segment under observation but also puts an oblique stress upon the skin lateral to the segment studied and pushes the skin distal to both ends of the segment. Both of these influences enter into the results of each determination, but are relatively constant from individual to individual and more so in the same individual. As long as the length of skin segment studied is the same, results are comparable from observation to observation and from patient to patient. The only means of eliminating these influences is to remove the skin segment to be studied. Such a procedure offers the disadvantage of necessary surgery, interference with innervation, circulation and the general normal physiology of the part studied, and the inability to do repeated determinations on the same segment during the progress of the disease.
It should be made clear that our method measures the ability of the skin to stretch-its "stretchability," or distensibility. We cannot measure elasticity in the intact skin in the pure physical sense, nor, indeed, can the methods of others. Stress, or force per unit area, depends upon an exact knowledge of skin thickness, which cannot be satisfactorily measured in the intact skin. Strain is, of course, easily measured. Our method measures the strain produced by a known total force which cannot be converted into force per unit cross-sectional area. This quantitative expression measuring strain per total force rather than strain per unit force lends itself admirably to the objective study of dermatologic changes, particularly in the clinic.
The constancy of our standards in a single site indicates either a constancy of quality and quantity of dermis and epidermis or an inverse relationship between the two, producing a constant relationship in distensibility. Significant variation from the normal would indicate, therefore, that either the quality, the quantity, or both characteristics of the skin have undergone abnormal changes. This is particularly exemplified in scleroderma where our results correlate with well-known pathological changes of dense fibrosis in the dermis.
The normal values for the areas studied have already been given (Table I) . It is interesting to note the relatively marked distensibility of the abdominal skin and the relatively non-distensible skin of the lower extremities. Just as quantitative variations in skin thickness are known to occur from person to person in one area, so do quantitative variations occur from area to area in the same individual. The skin thickness is known to vary from approximately 0.37 mm. in the eyelids to 5.0 mm. in the soles and palms. Such variations not only involve the epidermis but the corium as well (11) . The observed variations in skin distensibility may be accounted for either by qualitative and quantitative variations or by variations in skin tension in the parts studied. We have previously reported (10) regional variations in tissue pressure which show an inverse relationship to the skin distensibility. This relationship tends to show that the low skin distensibility in the lower extremities is owing, in part at least, to increased skin tension in these parts. This regional variation may be of physiological significance in the prevention of edema of the feet on assuming the erect position.
The great distensibility of the abdominal skin is in accord with the marked physiological variations it must undergo, particularly in pregnancy. We are at present engaged in a study of the changes in skin distensibility of the abdominal skin in and following pregnancy, especially in relationship to striae formation.
Skin distensibility, as we have measured it, may be influenced in abnormal as well as in normal conditions, by at least three factors, (1) variations in skin tension, (2) changes in the quality of the dermal structures, and (3) changes in the quantity of the dermal structures. These factors may variably influence either the epidermis or the corium or both. In our group of patients these variables have come into play, modifying the skin distensibility at times to a marked degree. For example, in ascites caused by portal obstruction or tuberculous peritonitis (see Table II ), the change in skin distensibility primarily results from a change in skin tension. Under such conditions, the skin is already stretched by the increased intra-abdominal pressure and the 5 cm. segment of skin measured for study does not represent 5 cm. of undistended skin. The application of the method to the distended skin indicates how much farther this stretched skin can extend with an additional force of 100 grams. Therefore, any changes caused by the disease process would be accurately and quantitatively reflected in the measurements obtained. In the instance of edema, not only does the factor of distension come into play, but there are changes in quality and quantity as well. The distended, shiny skin of edematous parts exemplifies the first factor; changes in elastic fibers, long used as an explanation of pitting edema (12) , are indicative of qualitative changes; and actual swelling of the part with separation of dermal structures reduces the unit quantity of such elements. As the disease progresses, all of the factors, interplaying as variables, influence to a changing degree the skin distensibility. The measurements of skin distensibility are quantitative expressions of this composite picture. The physiological sig-nificance of these measurements in edema is appreciated when one becomes cognizant of the disturbed equilibrium of filtration and antifiltration. With greater filtration as fluid accumulates, the tissues are stretched and become less distensible. Tissue pressure then rises and tends to equalize the filtration pressure, acting as a limiting factor to the extent of the edema. The loss of skin distensibility, as our results show, is one of the important limiting factors. This effect is illustrated in Figure 6 , where it may be seen that, with increasing edema and tissue pressure, there is a concomitant decrease in skin distensibility. It is interesting to note that when the skin distensibility reached its limit for the force applied, the tissue pressure was greatest, the skin was beginning to crack, and bleb formation began. The edema subsided almost completely and tissue pressure returned to normal limits and skin distensibility approached normal. The final observation was taken when the edema increased slightly. At this time the tissue pressure and skin distensibility increased. An explanation for the absence of an inverse relationship between these two determinations at this time can only be conjectured. Physical examination disclosed that skin texture was improving steadily following the period at which its elastic limits were reached. The part was softer and less woody, in spite of the presence of edema. This indicates a qualitative improvement in the skin characteristics.
Then, too, the blood hemoglobin was approaching normal, improving the tissue nutrition.
The dermal changes found in scleroderma represent variations in all three factors. Histologically, one can demonstrate qualitative and quantitative changes in the skin elements, particularly in the connective tissue of the corium. The studies of Prinzmetal (13) illustrate definite changes in skin tension. Our studies (14) tend to confirm this observation. These abnormal variations in the physical characteristics of the skin apparently are directly proportional to the severity of the disease. Again, since the distensibility measurements are dependent upon these physical dermal factors, the skin distensibility should vary inversely with the severity of the disease. This was found to be true in the patients studied (Table II ). In the parts more severely involved the distensibility values were found to be extremely low, with all values varying with the clinical state of the disease and less than normal for that part. Such findings suggest the tremendous importance of this method of study for quantitatively evaluating the progress of scleroderma. It also lends itself as a simple and rapid method for the early detection of results produced by, and the proper evaluation of, various therapeutic procedures. The method also serves as a tool for the early diagnosis of sclerodermatous changes.
The skin distensibility technic may be applied in the same manner to the study of skin changes in occupational atrophy and other dermatoses affecting the physical properties of the skin.
SUMMARY AND CONCLUSIONS
A simple and accurate method for the measurement of skin distensibility is described.
The normal mean values for the pretibial area, dorsum of the foot, midline of the abdomen below the umbilicus, volar surface of the forearm and dorsum of the hand were found to be 0.31, 0.59, 2.07, 0.93, and 1.34 mm. per cm. per 100 grams, respectively. The regional variation disclosed less distensible skin in the lower extremities.
Edema, certain vascular diseases, and some dermatoses were found to produce changes in the normal skin distensibility. As edema progressed the skin distensibility decreased and with recession of the edema, distensibility tended to return to normal range. The loss of skin distensibility was found to be an important limiting factor in edema formation. In urticaria, senile atrophy, occupational atrophy, allergic eczema, and scleroderma were observed definite changes in skin distensibility which correlated with the clinical state of the patient. In such diseases the method lends itself as a simple and rapid procedure for the early detection of results produced by and the proper evaluation of various therapeutic procedures.
